SUMMARY Plasma calcium (ionised and total) and albumin concentrations and pH were measured in preterm infants and in healthy adults and patients dependent on respirators. Plasma ionised calcium and total calcium values fell during the first week after birth and subsequently rose. Plasma ionised calcium concentrations in preterm infants were higher than those found in both healthy and sick adults. This difference was only partially explained by the lower blood pH in the infant population. There was no correlation between plasma ionised calcium or the ratio of ionised calcium to total calcium and total bilirubin concentrations. These results suggest that the metabolic control of plasma ionised calcium in preterm infants is different from that in adults.
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Disorders of calcium metabolism are common in preterm infants;' hypocalcaemia with convulsions may present acutely within the first few days after birth, particularly if there have been complications of pregnancy or delivery.23 Late hypocalcaemia and defective bone mineralisation may occur insidiously due to inadequate dietary mineral substrate4 or impaired metabolism of vitamin D.-The technological improvements in ion selective electrodes permits the rapid and precise bedside measurement of plasma ionised calcium, the biologically active fraction of plasma calcium.6 There is little information on the relation between plasma ionised calcium and total calcium in the preterm infant; better understanding of ionised calcium is necessary before this measurement can be introduced into standard clinical practice.
We have compared plasma ionised calcium concentrations in preterm infants and selected matched adults, with the aim of determining whether the accepted conventions on the relation of plasma ionised calcium to total calcium, albumin, and acidbase changes apply equally to the preterm infant.
Patients and methods
Three groups of preterm infants were studied and Accepted for publication 9 The infant groups were: group I (n = 12), less than one week of age; group II (n = 12), more than one week of age (range 1-6 weeks) but with no vitamin D prophylaxis; and group III (n = 12), infants receiving either 400 or 1000 IU of calciferol BP, age range 2-17 weeks.
Two groups of adults were studied: group IV (n = 12), healthy volunteers, and group V (n = 9), respirator dependent patients receiving intensive care who were hypoalbuminaemic but nonnephrotic. This latter group was included as a comparative group because many of the preterm infants are dependent on respirators with relative hypoalbuminaemia.
Arterialised plasma ionised calcium and pH were measured by ion selective electrodes (ICA-1 Radiometer A/S, Copenhagen, Denmark). The between day percentage coefficient of variation for ionised calcium was 1 35% and for pH less than 1 %. Plasma total calcium was assayed by a manual cresophthalene compleximetric method with a between batch coefficient of variation of 2%; plasma inorganic phosphate by a molybdate reduction method with a between batch coefficient of variation of 4%; In infants older than one week there was a positive correlation between ionised calcium and total calcium concentrations (r = 0-47, p < 0-005), but the correlation between ionised calcium and hydrogen ion concentrations and between total calcium and albumin concentrations did not reach statistical significance. In the combined adult groups (IV and V) there was a positive correlation between ionised calcium and total calcium concentrations (r = 0-86, p < 0.001), between total calcium and albumin concentrations (r = 0-72, p < 0.001), and between ionised calcium and hydrogen ion concentrations (r = 0-61, p < 0.005).
Discussion
Plasma biochemical variables may alter significantly with increasing postnatal and postconceptional age in newborn infants. Biochemical values found in adults and in older children are often applied to preterm infants, but they may not be appropriate for this age group. In our study sick and well preterm infants were considered together to form a representative population of a special care baby unit.
The lowest plasma calcium concentrations (ionised calcium and total calcium) in this study were seen in the first week after birth (group I); a plasma ionised calcium concentration of 094 mmol/l (total calcium l-57 mmol/l, pH 7-37) was recorded in one asymptomatic preterm infant. Early neonatal hypocalcaemia is probably due to transient functional hypoparathyroidism of the normal neonate.' Increased placental transfer of calcium during the last trimester of pregnancy exceeds the fetal threshold of parathyroid hormone release, resulting in transient parathyroid gland suppression.
The plasma total calcium concentration was within the childhood reference range by the second postnatal week; the ionised calcium value at this time was higher than that seen in adults. The explanation for this absolute increase in ionised calcium and the increased ratio of ionised calcium to total calcium noted in preterm infants is not clear, but it is only partially explained by the lower blood pH often found in this age group. The relation persists when an allowance is made for blood pH. Possible explanations include altered calcium binding affinity for carrier proteins in the preterm infant or alteration in the negative feedback control of ionised calcium on parathyroid hormone release. The absence of any correlation between plasma total bilirubin and ionised calcium concentrations or the ratio of ionised calcium to total calcium supports the concept that bilirubin does not interfere with or displace calcium binding to carrier proteins.
It is unlikely that inorganic phosphate concentrations affect ionised calcium in the preterm infant. There was no evidence of phosphate depletion in the infant groups.
There was no difference in plasma ionised calcium or total calcium concentrations between the two older infant groups. This does not necessarily imply that calciferol prophylaxis (400 IU or 1000 IU calciferol BP per day) does not positively affect plasma calcium concentrations and bone metabolism, as the two groups are not comparable for age. It has been recently reported, however, that high dose ergocalciferol (2000 IU/day) does* not prevent rickets developing in very low birthweight infants.9
Our study shows that plasma ionised calcium concentrations fall in the first week after birth but subsequently increase and are higher than those seen in healthy and sick adults; the difference is only partially explained by the lower blood pH. The control of calcium metabolism and in particular plasma ionised calcium concentrations differ in preterm infants and adults. We thank the staff of the Special Care Baby Unit, Queen Charlotte's Maternity Hospital. ICA 1 was kindly provided by Radiometer A/S, Copenhagen, Denmark.
